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Abstract. The distribution and abundance of Centro-

pages hamatus eggs in the upper 5 cm of the sea-bottom

of the Alligator Harbor region, Florida, was determined.

The hatching of these eggs at 4, 10. 15, 19, and room

temperature (20-25C) was monitored in the laboratory.

Hatching only occurred at temperatures less than 20C.

Eggs produced by C. hamatus individuals that were

reared in the laboratory at 19C. 20L-4D did not hatch

at 19C. A 60% hatch was induced by incubating these

eggs at room temperature (22-25C) for 60 days followed

by cooling at 1 5C. The results indicate that C. hamatus

produces diapause eggs that are capable of surviving

warm temperatures characteristic of late spring and sum-

mer months. Since planktonic phases of this species are

not present in the water column at temperatures greater

than 20C, it appears that diapause is a critical life history

stage without which the life cycle would be broken.

Introduction

In temperate-boreal waters many planktonic copepod

species undergo marked fluctuations in seasonal abun-

dance to the extent that some species disappear entirely

from the water column for portions of the year. The re-

newed development of benthic diapause eggs plays a fun-

damental role in the perpetuation of such species year

after year in these regions (as reviewed by Grice and Mar-

cus, 1981; Uye, 1985). However, the widespread geo-

graphic significance of diapause eggs is not clear since

all studies have focused on temperate systems. Studies of

copepod population dynamics in some sub-tropical and
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tropical waters have led investigators to suggest that rest-

ing eggs occur in these areas as well (Tranter and Abra-

ham, 1971; Reeve, 1975; Fleminger, 1979), but the ac-

tual existence of such eggs has not been demonstrated.

Moreover, it is not clear if such eggs would be subita-

neous eggs whose development had been delayed tempo-

rarily due to unfavorable conditions in the sediment

(e.g., low oxygen) or diapause eggs. Unlike subitaneous

eggs, which are capable of developing without any delay,

diapause eggs must first complete a refractory phase dur-

ing which time they will not hatch even if conditions are

suitable. Hatching can only occur once this phase is com-

pleted and then only if conditions (e.g.. temperature, sa-

linity, oxygen) are suitable. The subitaneous and dia-

pause eggs of some copepod species can be clearly distin-

guished on the basis of external morphology (e.g.. the

presence or absence of spines), but others are not mor-

phologically distinct and can only be classified by deter-

mining the conditions that are necessary for hatching to

occur (as reviewed by Grice and Marcus, 1981).

A preliminary analysis of bottom sediments from the

Alligator Harbor region, Florida, in the late spring and

summer 1988 (Marcus, unpub.) revealed the existence of

benthic resting eggs of several planktonic copepod spe-

cies: Labidocera aestiva, L. scotti. Acartia tonsa, Centro-

pages fnrcatus, and C. hamatus. Species identifications

were made by comparing the morphology of eggs (e.g.,

diameter, surface ornamentation, color) isolated from

the sediments to the morphology of eggs produced by

females that were maintained in the laboratory, and by

rearing nauplii that hatched from the eggs to late-copep-

odite and adult stages which could be unequivocally

identified. Since adults of C. hamatus were not present
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in the water column at the time of the sediment collec-

tions, the species was chosen for further study, because

the absence of planktonic stages in this northern sub-

tropical embayment suggested that the eggs that were

found were diapause eggs. These eggs were spherical, ap-

proximately 72 Mmin diameter, and covered with spines

that were approximately 18 ^m in length.

Centropages Immatiis (Lilljeborg) is a geographically

widespread species. Along the coast of North America it

has been reported from the Straits of Belle Isle (Pinhey,

1926) to Alligator Harbor in the Gulf of Mexico (Grice,

1956). In Alligator Harbor, the species has been de-

scribed as a characteristic member of the winter copepod

population occurring in the water column from Novem-

ber to April (Grice, 1956). In areas along the Atlantic

coast of the United States south of Cape Cod, Massachu-

setts, the species has been reported to occur seasonally,

typically during the winter and spring (see Deevey,

1960). Occasionally, however, when summer tempera-

tures were abnormally low in these areas, it occurred

throughout the year, e.g.. in Delaware Bay (Deevey,

1960). In the Gulf of Maine (Bigelow, 1926) and on

Georges Bank (Davis, 1987), the species has been re-

ported to occur during the late summer and fall.

C hamatus has been reported to produce two mor-

phological types of eggs in the White Sea (Pertzova,

1974) and it was later suggested (Grice and Marcus,

1981) that the eggs produced in the fall were diapause

eggs. Other evidence for the existence of resting eggs was

the appearance of C hamatus nauplii following the labo-

ratory-incubation of bottom sediments that were col-

lected from Buzzards Bay. Massachusetts. Georges

Bank, the English Channel, and the southern North Sea

(Marcus. 1984, unpubl.: Lindley. 1986). However, it is

not clear whether the nauplii that appeared were derived

from diapause eggs or subitaneous eggs that were delayed

in development due to adverse conditions in the sedi-

ments.

This study was conducted to determine the distribu-

tion and abundance of eggs of C. hamatus in the bottom

sediments of the Alligator Harbor region. The hatching

requirements of these eggs, and eggs obtained from ani-

mals that were reared in the laboratory, were ascertained.

The results show that C. hamatus does produce diapause

eggs. It is suggested that these eggs enable the species to

survive warm summer temperatures.

Materials and Methods

Determination of egg distribution in the sediments

Sampling was conducted from July 9. 1988, through

October 20, 1988. at six stations in the Alligator Harbor

region, Florida (Fig. 1 ). At each station sediments were

collected with a hand-held pole corer (Lively, unpubl.).
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Figure 1. Location of six sampling stations in the Alligator Harbor

region, Florida.

water depth was recorded from a meter scale on the pole,

and surface temperature and salinity were determined

with a Y.S.I. Model 33 S-C-T Meter. With the pole corer,

cylindrical core tubes (4.8 X 30 cm D X L) were slowly

pushed into the sea-bottom to a depth of about 15 cm.

A ball valve was then triggered to close, trapping the sedi-

ment, and the unit was hauled to the surface. Cores were

kept in an insulated container from the time of collection

until they were returned to the laboratory. For some col-

lections, the cores were additionally packed in ice. In the

laboratory, cores were divided at intervals as fine as 2

mmand as coarse as 1 cm using a core extruder (Fuller

and Butman, 1988). The material in each layer was sus-

pended in 5 Mmfiltered seawater, sonicated for 30 s (#4

setting, Branson Sonifier Cell Disrupter 200), filtered

through a 48 MmNitex screen, suspended in a concen-

trated solution of table sugar (1:1 sugandistilled water),

and centrifuged for 3 min. The material remaining in

suspension was filtered through a 48 Mmscreen, washed

thoroughly with seawater, and transferred to a dish con-

taining seawater. The final fraction was examined under

a dissecting microscope and eggs of C. hamatus were

counted and transferred to small wells containing seawa-

ter. The eggs were kept at room temperature (22-25C)

and monitored for hatching.

Qualitative plankton samples were also obtained from

surface waters throughout the study. A 1 53 ^m mesh net

was towed for 2 to 5 min and the collected material was

returned to the laboratory in insulated containers. Sam-

ples were examined under a dissecting microscope to de-

termine if C hamatus adults were present.

Determination of hatching requirements

Experiment 1 was conducted with eggs collected on

July 9. The sediment samples were held at 4 PC for 2
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Table 1

Mean number (XlO
4

) and slandard deviation (S. D.) of eggs m~:
of

Centropages hamatus in lite lop 5 cm of bottom sediments from the

Alligator Harbor region. Florida, at each station for the period train

Julv 9 through October 20. 1988

Station
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jar kept at room temperature tor 38 days. A greater hatch

(60''.' ) occurred in the jar held at room temperature for

60 days. Hatching began after four days at 1 5C and con-

tinued for 44 days.

Discussion

The abundance of eggs of C. hamatus in the sediments

of the Alligator Harbor region, Florida was high. The

greatest density, 2.1 X 10
5

irT
:

, is of the same order of

magnitude as that reported for eggs of Labidoce ra aestiva

in Buzzards Bay, Massachusetts (Marcus and Fuller, in

press). Higher numbers tended to occur in deeper water

outside the embayment. The fact that these eggs hatched

upon incubation in the laboratory indicates that eggs of

C. luimatus can survive for as long as 5 months in bot-

tom sediments. This is a minimum estimate and assumes

that the eggs collected in October were produced in April

just prior to the disappearance of the species from the

water column. In the Alligator Harbor region, adults of

C. hamatm occur from November through April (Grice,

1956). During the time that C. humatiis is absent from

the water column temperatures typically range from ap-

proximately 20 to 32C (Grice. 1956). Since the results

of this study indicate that eggs only hatch at tempera-
tures equal to or less than 20C. one might conclude that

eggs are simply inhibited from hatching during the late-

spring and summer periods due to warm temperatures.

When the water temperature drops below 20C in Octo-

ber, the eggs hatch and give rise to the adults that appear
in November.

The hatching response of eggs that were produced by
animals reared at 1 9C. 20L-4D indicates that C. hama-
lus has the potential to produce diapause eggs (according
to the criteria of Grice and Marcus, 1981). None of the

eggs produced by laboratory-reared animals hatched at

19C initially, but some of these eggs did hatch at 15C
after prolonged incubation at warm room temperatures

(22-25C). Although, 20L-4D constitutes an abnor-

mally long daylength never experienced by C. hamatiis,

the results demonstrate that the species has the biological

capacity to produce diapause eggs. In a previous study

(Marcus, unpubl.). C. hamatiis from Woods Hole, Mas-

sachusetts, were reared at 19C, 12L-12D and produced
thousands of eggs. Many of these eggs hatched within a

few days at 19C, but many did not hatch. The precise

percentage of eggs that hatched was not determined.

Someof the unhatched eggs were placed in jars contain-

ing filtered seawater. stored at room temperature for ap-

proximately 3 months, and then transferred to 5C. No
hatch occurred while the eggs were held at room temper-
ature, but after the eggs were transferred to 5C some
hatch occurred after 13 days with large numbers of

nauplii noted after 17 days. Although a quantitative re-

cord was not kept, the results are also indicative of dia-

pause. Since the eggs produced by Woods Hole animals
were kept for 3 months at room temperature it may be

that the eggs of the laboratory-reared C. hamatus from
Florida were not incubated sufficiently long to yield a

rapid and synchronous hatch at cool temperatures (i.e..

1 5C). Unlike the report oi'Pertzova (1974) on C. hama-
tus from the White Sea, only one morphological type of

egg was observed for C. hamaius from Woods Hole and
Florida. It was spherical and uniformly covered with

spines.

Only two other studies have reported on the hatching

requirements of resting eggs produced by winter-spring
marine copepods. Sullivan and McManus (1986)
showed that some eggs produced by Acartia hudsonica

from Narragansett Bay, Rhode Island only hatched at

cold temperatures i.e., 5C. A requirement for an inter-

vening period of warm temperatures was not demon-
strated. However, the eggs of A. clausi from Japanese wa-

ters appear to require a period of warm temperatures fol-

lowed by chilling to induce hatching (Uye, 1985).

Marcus (1979) showed that the refractory phase (i.e.,

the period of time during which diapause eggs will not

hatch even if environmental conditions are favorable) of

eggs of L. aestiva was shortened by chilling at 5C. but

that diapause eggs would eventually hatch after several

months at warm temperatures even if they had not been

chilled. The difference was that pre-chilled eggs hatched

synchronously. It is not clear if the opposite condition

holds for C. hamatus: i.e.. would eggs hatch at tempera-
tures less than about 20C if they were not exposed to a

period of warm temperatures? The temperature condi-

tions that are required for embryonic development and

hatching must be taken into account to predict the con-

tribution of benthic diapause eggs to the population

growth of species. For example, along the northeast coast

of the United States it is likely that diapause eggs residing

on the sea-bottom rarely experience temperatures above

20C. If exposure to temperatures warmer than 20C is

required for hatching, then these eggs should not be con-

sidered as a source of potential recruits to the planktonic

population. On the other hand, if such warm tempera-
tures are not necessary, then such eggs represent an im-

portant potential source of nauplii for growth of the

planktonic population. Since the annual environmental

cycles in waters of the western north Atlantic are differ-

ent than the conditions in the northeastern Gulf of Mex-

ico, it is likely that the precise conditions that are neces-

sary for the induction, maintainence. and termination

of diapause are different. Regardless of these geographic

differences, in areas where C. hamatus disappears en-

tirely from the water column for portions of the year,

diapause eggs enable survival of individuals during warm
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seasons and must be essential for the perpetuation of spe-

cies year after year.
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